Fish belonging to the genus Macroramphosus are distributed throughout the Atlantic, Indian and PaciWc oceans. Some authors consider this genus monotypic, Macroramphosus scolopax being the only valid species. Other authors consider (based on several morphological and ecological characters) that another species (Macroramphosus gracilis) exists and occurs frequently in sympatry with the Wrst one. Intermediate forms are also reported in literature. In this paper, using the mitochondrial control region and the nuclear Wrst S7 intron markers, we failed to Wnd genetic diVerences between individuals considered to belong to both species as well as the intermediate forms. Our results suggest that in the northeastern Atlantic, Macroramphosus is represented by a single species, M. scolopax, with diVerent morphotypes interbreeding in the sampling areas.
Introduction
The genus Macroramphosus (Lacepède 1803) (family Macroramphosidae Nelson 2006) comprises small, gregarious Wsh distributed around the Atlantic, Indian and PaciWc oceans (Nelson 2006) , mainly in latitudes between 20º and 40º north (Ehrich 1986 ).
There has been considerable debate over the years on the number of valid species in the genus. The existence of two forms, one comprising slender dark Wsh and another including deep-bodied orange animals with a more developed second dorsal spine, led many authors to accept the existence of at least two species (e.g. Mohr 1937) : Macroramphosus gracilis (Lowe 1839) and Macroramphosus scolopax (Linnaeus 1758), respectively. Ehrich (1976) synonymised all 15 nominal species of the genus under M. scolopax assuming that the slender form tends to change to the deep-bodied one during ontogeny, a view supported by Oliveira et al. (1993) , based on long-term observations of captive Wsh. The scarcity of small-sized deep-bodied Wsh and the presence of intermediate forms (Assis 1992 ) also argue in favour of this view which was adopted by Ehrich (1986) and Quéro et al. (1990) .
In contrast, several recent studies (e.g. Matthiessen et al. 2003; Miyazaki et al. 2004; Marques et al. 2005; Bilecenoglu 2006) consider both species valid and found substantial diVerences between them in morphology, larval development, behaviour and feeding habitats. All these studies were based on the analysis of sympatric forms, thus allowing the exclusion of possible artefacts caused by comparisons of geographically distinct populations.
This paper is the Wrst attempt to use DNA sequences to assess the validity of these two species. We used two markers, one mitochondrial (control region) and one nuclear (S7 ribosomal protein, Wrst intron). 
Materials and methods

Sample collection
Samples were obtained from commercial Wshing vessels operating with bottom trawls in the central and southwestern Portuguese coast, at depths of about 200-300 m, in the spring and summer of 2006. All individuals were classiWed as "gracilis", "scolopax" or "intermediate" according to the criteria described by Lopes et al. (2006) . A piece of muscle was stored in 96% ethanol for subsequent DNA analysis.
DNA procedures
Total DNA from 36 "gracilis", 31 "scolopax" and 20 "intermediate" was extracted with a REDExtract-N-Amp kit (Sigma-Aldrich, www.sigma.com). Voucher specimens are deposited in ISPA and CCMAR collections (ethanol preserved tissues).Whenever possible, each Wsh was sequenced for both fragments.
To amplify the mitochondrial control region and the S7 nuclear gene, the following pairs of primers were used:
• Control region: L-PRO1 5Ј-ACT CTC ACC CCT AGC TCC CAA AG-3Ј and H-DL1 5Ј-CCT GAA GTA GGA ACC AGA TGC CAG-3Ј (Ostellari et al. 1996) ; • S7, Wrst intron: S7RPEX1F 5Ј-TGG CCT CTT CCT TGG CCG TC-3Јand S7RPEX2R 5Ј-AAC TCG TCT GGC TTT TCG CC-3Ј (Chow and Hazama 1998) .
PCR ampliWcation reactions were performed in a 20 l total-reaction volume with 10 l of REDExtract-N-ampl PCR reaction mix (Sigma-Aldrich), 0.8 l of each primer (10 M), 4.4 l of sigma-water and 4 l of template DNA. For the control region and S7, respectively, the PCR conditions were the following: an initial denaturation at 94°C for 2/3 min was followed by 35 cycles (denaturation at 94°C for 30/45 s, annealing at 55/58º for 30/45 s, and extension at 72°C for 1 min) and a Wnal extension at 72°C for 5/ 10 min on a BioRad Mycycler thermal cycler. The same primers were used for the sequencing reaction, and the PCR products were puriWed and sequenced in STABVIDA (http://www.stabvida.net/).
Phylogenetic analyses
Sequences were edited with CodonCode Aligner v. 2.0 (http://www.codoncode.com/) and aligned with Clustal X (Thompson et al. 1997 ). All sequences have been deposited in GenBank (available at www.ncbi.nlm.nih.gov/) with the following accession numbers: FJ457702-FJ457763 (control region) and FJ457647-FJ457701 (S7).
For all phylogenetic analyses, we included Hippocampus kuda as outgroup (GenBank Accession numbers NC_010272 and DQ288388 for the control region and S7 Wrst intron, respectively). For each fragment, maximum parsimony (MP) and minimum evolution (neighbour joining, NJ) were performed separately. MP and NJ analyses were performed with PAUP* 4.0 (SwoVord 2002). MP analysis was conducted using a heuristic search strategy with random stepwise addition (1,000 replicates) and TBR branch swapping. Bootstrap analyses (1,000 replicates) were used to assess the relative robustness of branches of the ME and the MP trees (Felsenstein 1985) .
For NJ, the best-Wt model of nucleotide substitution was selected with the program Modeltest 3.0 (Posada and Crandall 1998) with the Akaike Information Criterion (AIC).
ARLEQUIN software package version 3.1 (ExcoYer and Schneider 2005) was used to estimate the genetic diversity in the species studied, to access population diVerentiation, to perform neutrality tests and to determine the number of haplotypes. Analysis of molecular variance (AMOVA-ExcoYer et al. 1992 ) and pairwise FST were also performed. Intra-group distances were corrected by subtracting the mean intraspeciWc pairwise distances as implemented in Arlequin. Relationships amongst haplotypes were analysed with a parsimony network estimated by the software TCS version 1.18 (Clement et al. 2000) .
Results
Not all samples were screened at the nuclear loci due to unsuccessful PCR ampliWcation or non-repeatable band patterns in some samples. A total of 356 and 551 bp were ampliWed corresponding to the control region and S7 (values after alignment).
For the control region, 62 Wshes were sequenced (20 "scolopax", 22 "gracilis" and 20 "intermediate"); 50 haplotypes were found and are represented in Figs. 1 and 2 .
For the S7 intron, 29 Wsh (11 "scolopax", 14 "gracilis" and 4 "intermediate") corresponded to 3 haplotypes. The most common haplotype was present in 27 of the 29 Wsh in homozygosity. The remaining two Wsh (both "gracilis") were heterozygous, having one DNA chain equal to the common one and another one that diVered from the Wrst by one mutation (in diVerent positions in each Wsh).
As the number of haplotypes in S7 was too small to perform the vast majority of the analyses presented in the "Materials and methods" section we opted to further explore only the results of the control region data set. Anyway, the almost complete lack of variation in this marker, which in other species proved to be suYciently variable to be used as a phylogeographic tool (Domingues et al. 2007 ), strongly argues against the hypothesis that the diVerent morphotypes correspond to diVerent taxa.
Concerning parsimony analyses for the control region, 292 characters were constant, 24 were parsimony-uninformative and 40 were parsimony-informative. As much as 100 trees were retained. Figures 1 and 2 show that there is no evident diVerentiation between the forms of Macroramphosus. In both Wgures, only haplotypes are represented. The only diVerentiation present is the one that separates the haplotypes M2 (three individuals, two "gracilis" and one "scolopax"), S12 (one individual, "scolopax") and G17 (one individual, "gracilis") from the remaining ones. This is well represented in the tree (Fig. 1) and in the 95% conWdence network made by TCS (Fig. 2) where this group of haplotypes represents an individual network. As the two groups of haplotypes include both "scolopax" and "gracilis" forms, they do not argue in favour of their genetic separation. They likely represent an ancient polymorphism retained in the population. The remaining haplotypes (47) are grouped in a diVerent network, all individuals being at a maximum of 11 mutations from the ancestral one. Seven haplotypes were present in more that one individual, although the vast majority of haplotypes (43 in 50) represents only one Wsh. The haplotype that represents more individuals is M4, representing 6 Wsh (4 "scolopax, 1 "gracilis" and 1 "intermediate"). The large proportion of unique haplotypes could obscure any potential diVerences amongst the forms. However, neither the phylogenetic trees nor the haplotype network revealed haplotype groups consistently separated according to each Wsh morphotype. On the contrary, haplotype groups typically represent mixtures of Wsh of diVerent forms.
The results of the AMOVA considering the three forms were nonsigniWcant (p = 0.30792 § 0.00912, percentage of variation between populations = 0.48, percentage of variation within populations = 99.52). The same holds for pairwise FSTs and net average distances (Table 1) . 
Discussion
The present study failed to detect genetic diVerences between the forms of Macroramphosus found in Portugal, supporting the presence of a single species, M. scolopax. Oliveira et al. (1993) observed spawnings involving partners of the diVerent forms in captivity, thus providing circumstantial evidence favouring interbreeding.
Our results are compatible with two diVerent hypotheses: (a) the speciation might be so recent and incipient that the molecular markers used do not evolve fast enough to capture its signature (microsatelites should be used to test this hypothesis) or (b) two morphological types coexist and interbreed. Such a diVerence in morphology could derive either from genetic causes, environmental conditions during development, distinct ontogenetic stages or a combination of those factors. This hypothesis seems more plausible and in accordance with our results. The fact that these forms occur consistently in sympatry in several ocean basins is consistent with an ancient diVerentiation of morphotypes in the snipeWsh populations. Indeed, it is diYcult to imagine that the slender and deep-bodied Wsh represent two species and were able to disperse globally in a process that was so recent that its signature was not detectable even with the rapidly evolving control region.
It is known that the large "scolopax" form tends to feed on the bottom, whilst the "gracilis" form is more planktivorous and occurs at a higher level in the water column (e.g. Matthiessen et al. 2003) . Rapid evolution of benthic and limnetic forms was documented in Wsh lineages as diVerent as Gasterosteus (e.g. McPhail 1994) and Coregonus (e.g. Østbye et al. 2005 and references therein). In both sticklebacks and whiteWsh there are examples of this type of eco-morphological evolution, which occurred in the last 10,000-12,000 years and even led to the formation of new species. If a similar process of diVerentiation of benthic and pelagic forms took place in snipeWsh, but the diVerent forms continued to interbreed, these morphotypes might have persisted in the populations, although they exploited diVerent ecological niches.
The presence of Macroramphosus in both sides of the Atlantic and in the Indian and PaciWc Oceans makes snipe-Wsh a very promising subject for phylogeographic analysis. How many species of Macroramphosus do occur worldwide, remains an open question, regardless of the probable interbreeding of the diVerent forms in each population.
Indeed, Wsh in diVerent oceans or in the two margins of the PaciWc may have become genetically isolated, representing distinct species. 
